Background: Although Ojeok-san (OJS), an oriental herbal formula, has been used in Asian countries including Korea, China and Japan to treat the common cold and illnesses including fatigue and gastrointestinal disorders, there is little information of its safety and toxicity in vivo and in vitro. Methods: In the present study, we investigated oral toxicity of OJS over 4 weeks through repeated administration to Crl:CD (SD) rats and its cytotoxicity against various cells as a part of safety evaluation. Animals were given a daily gavage treatment of OJS in daily dosages of 0, 500, 1000 or 2000 mg/kg for 4 weeks. Cytotoxicity assay was conducted at various concentrations in 23 different cell lines including neuroblastoma, glioblastoma, hepatocarcinoma, melanoma, leukemia, colon cancer, breast cancer, keratinocytes, phechromocytoma, prostate cancer, bronchial epithelial cells, and gastric adenocarcinoma. Results: OJS did not induce significant changes in mortality, food consumption, organ weights, hematology, serum biochemistry, and urinalysis, except for decrease in number of white blood cells over 1000 mg/kg/day female group. Thus, the no observed adverse effect level (NOAEL) is more than 2000 mg/kg/day for male and 500 mg/kg/day for female rats. In addition, OJS had no cytotoxicity against all tested cells. Conclusions: Collectively, our data indicate that OJS may be a safe drug although additional studies in the near future will be required before clinical trials can be taken.
Backgrounds
Drug safety is one of major issue in new drug development. The Food and Drug Administration (FDA) in most countries provides guidance on drug safety information for developing and disseminating new drugs with no or less toxicity as well as side effect. With the development of traditional medicine, concerns on the safety and potential toxicity of herbal medicines are increasing. However, there is little information of herbal medicine on the safety compared with synthetic drugs.
Ojeok-san (OJS; wuji-san in China and goshaku-san in Japan) consisting of 17 medicinal herbs has long been used for treating common cold and illnesses including fatigue and gastrointestinal disorders in Asian countries including Korea, China and Japan. According to statistical data of the Korea National Health Insurance Corporation in 2011, OJS is the most frequently used herbal formulas of Oriental health treatments by 56 prescriptions. OJS is occupied 23% of the days of medication and 30% of medical expenses in Korea [1] .
In experimental studies, OJS has been reported to have several biochemical activities such as anti-cancer [2] , antiinflammation [3, 4] , anti-hyperglycemia [5] , anti-clastogenic effect [6] and immune regulation [7] . In addition, Kim et al. recently established OJS administration criteria and a questionnaire to evaluate its holistic effects on patients with low back pain (LBP) [8] . Our group reported toxicological data on acute and sub-chronic toxicity [9] as well as genotoxicity [10] of OJS in Sprague-Dawley (SD) rats. However, sub-acute toxicity information is also required to establish the safety and efficacy of OJS.
Therefore, we here assessed the toxicity of a 4-week repeated oral doses of OJS in Crl:CD (SD) rat model according to guidelines established by the Organization for Economic Cooperation and Development (OECD) for the testing of chemicals in accordance with the current regulations for Good Laboratory Practice Regulations [11] . Our data demonstrate that OJS orally administered to rats is safe without drug-related toxicity in 4-week repeated administration study. Furthermore, the cytotoxicity of OJS was evaluated against various cell lines from different origins.
Methods

Preparation of Ojeok-san (OJS)
The OJS consisting of seventeen herbal medicines (Table 1 ) and each crude drug was purchased from Kwangmyoungdang (Ulsan, Korea). The origin of materials was confirmed taxonomically by Profs. Je-Hyun Lee (Dongguk University, Gyeongju, Korea) and Young-Bae Seo (Daejeon University, Daejeon, Korea). A decoction of OJS was prepared as previously described [9] . In brief, a mixture of chopped crude herbs was extracted in 10 volume of distilled water at 100°C for 2 h in an herb extractor (COSMOS-660, Kyungseo Machine Co., Incheon, Korea). The solution was filtered and lyophilized with a freeze drier (PVTFD100R, Ilshin Lab. Ltd., Korea) (The yield = 11.3%). The HPLC pattern of OJS extract was identified for quality control [9] .
Animals
The animal studies were conducted according to the guidance of the Institutional Animal Care and Use Committee Specific pathogen-free Crl:CD (SD) rats (n = 20/gender) were obtained from the Orient Bio Co. (Seoul, Korea) and used after 2 weeks of quarantine and acclimatization. The animals were housed in a room maintained at 22 ± 3°C under a relative humidity of 50 ± 20% with artificial lighting from 08:00 to 20:00 and 12-15 air changes per hour. The animals were kept in stainless-steel wire-mesh cages and allowed sterilized tap water and commercial rodent chow (PMI Nutrition International, Richmond, VA, USA) ad libitum.
Group assignment and treatment
Healthy male and female rats were assigned to four groups (5 male and 5 female/group) using Path/Tox System 4.2.2 (Xybion Medical Systems Corporation, Cedar Knolls, NJ, USA). OJS extract was dissolved in distilled water for injection (Choong-wae Pharmaceutical, Ltd., Seoul, Korea) and administered by oral gavage at doses of 0, 500, 1000 or 2000 mg/kg once a day for 4 weeks. Distilled water was given to the animals as the vehicle control. The daily dose (10 ml/kg body weight) of OJS was calculated based on the most recently recorded body weights of individual animals. 
General observations
Clinical signs and mortality were recorded twice a day (before and after treatment) throughout the study period. All clinical signs were recorded individually for type, observation day/time and duration using Path/Tox System 4.2.2 (Xybion Medical Systems Corporation). The body weight of each rat was measured at the initiation of treatment and once a week during the study period. Food consumption was measured at the start of treatment and weekly throughout. Daily food consumption was determined by measuring the weight of chow supplied and remaining in metabolic cages each day. External eye examination was carried out during the last week of treatment with an indirect binocular ophthalmoscope (IO-H, Neitz Instrument Co., Tokyo, Japan), and the appearance of the conjunctiva, sclera, cornea, lens, and iris of each eye was recorded.
Urinalysis, hematology and serum biochemistry
During the last week of treatment, urinalysis was conducted on samples collected overnight in metabolic cages using a Multistix 10 SG (Bayer, Whippany, NJ, USA) and urine chemical analyzer (Clinitek-500, Ramsey, MN, USA). Analysis included urine volume, glucose, bilirubin, ketone body, specific gravity, occult blood, pH, urobilinogen, and color. Animals were fasted overnight prior to blood collection or necropsy. Blood was drawn from the posterior vena cava under isoflurane anesthesia. Samples were collected in CBC bottles containing EDTA-2 K (Sewon Medical Co., Cheonan, Korea), and were analyzed to determine red blood cell count (RBC), white blood cell count (WBC), differential WBC count, hemoglobin concentration (HGC), hematocrit (HCT), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), platelet (PLT) and reticulocyte (RET) using an ADVIA120 Hematology System (Bayer). Prothrombin time (PT) and activated partial thromboplastin time (APTT) were determined in blood samples treated with 3.2% sodium citrate using a coagulometer (ACL 300 plus, Instrumentation Laboratory, Milan, Italy).
For serum biochemistry, blood samples were centrifuged at 3000 rpm for 10 min and analyzed with an autoanalyzer (Toshiba 200FR NEO, Toshiba Co., Tokyo, Japan). The analysis included alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), gamma glutamyl transpeptidase (GGT), blood urea nitrogen (BUN), creatinine (CREA), creatine kinase (CK), glucose (GLU), total cholesterol (TCHO), albumin (ALB), albumin/globulin ratio (A/G), total protein (TP), triglyceride (TG), total bilirubin (TBIL), phospholipids (PL), sodium (Na), potassium (K), calcium (Ca), chloride (Cl), and inorganic phosphorus (IP).
Necropsy
All surviving animals were anesthetized with isofluorane and sacrificed by aortic exsanguination prior to necropsy. Complete gross postmortem examinations were performed on all animals. Absolute organ weights were measured and relative organ weights (organ-to-body weight ratios) were calculated for the following organs: brain, pituitary gland, adrenal gland, liver, spleen, kidneys, heart, thymus, lung, salivary gland, thyroids, testes, ovaries, epididymides, seminal vesicle, prostate, and uterus.
Cytotoxicity assay
Twenty-three of various cell lines were obtained from the American Type Culture Collection (ATCC, Rockville, MD, USA) or Korean Cell Line Bank (Seoul, Korea). Cytotoxic effects of OJS against the cell lines were measured by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay as previously described [12] . Cell viability was calculated as a percentage of viable cells in drug-treated group versus untreated control by following equation.
Cell viability ¼ OD OJS
ð Þ−OD Blank ð Þ ½ =½OD Control ð Þ − OD Blank ð ÞÂ 100
Statistical analysis
Data collected during the study were examined for the variance homogeneity using Bartlett's test. When Bartlett's test indicated no significant deviation from the variance homogeneity, a one-way ANOVA was performed at α = 0.05. When significance was noted, a multiple comparison test (Dunnett's test) was conducted to determine which pairs of groups were significantly different. Where significant deviations from variance homogeneity were observed, a nonparametric comparison test (Kruskal-Wallis test) was conducted. When a significant difference was observed in the Kruskal-Wallis test, the Dunn's Rank Sum test was conducted to determine the specific pairs. Statistical analyses were performed using the Path/Tox System (ver. 4.2.2). The level of significance was taken as p < 0.05 or 0.01.
Results and discussion
Recently, the use of herbal medicines is increased and thus the safety information is considered an important issue for herbal prescription. U.S. FDA has restricted the use of products containing aristolochic acid including botanical products marketed as traditional medicine since they can increase to occur in renal failure and renal cancer. It is of note that 11 kinds of herbal formulas are included in the restricted product list. Thus, safety report of medicinal herb or herbal formula is crucial step for their drug development and medication counseling. We previously reported that no mortality and no abnormality in clinical signs, body weight, and necropsy findings for any of the animals in the acute and sub-chronic toxicity study following oral administration of OJS, a Korean traditional herbal formula [9] . In the present study, we evaluated safety of OJS by in vivo sub-acute toxicological analysis and in vitro cytotoxicity test.
Body weight, organ weight and food intake changes in SD rats treated with OJS extract for 4 weeks
Sub-acute toxicity of OJS extract was assessed in male or female Crl:CD (SD) rats (n = 24/gender) in accordance with OECD guideline. OJS extract was orally administered for 4 weeks at 500, 1000 or 2000 mg/kg/day. Body weight of male or female rats was increased in a time-dependent manner ( Figure 1) . However, no effect of OJS extract was observed on body weight change in both genders of rats compared with vehicle control. Loss of food intake in OJS extract-treated rats was found in male group compared with vehicle control. Significant differences were observed following treatment with 1000 mg/kg at day 16. At day 23, results revealed that administration of OJS with 500, 1000 or 2000 mg/ kg reduced food intake compared with vehicle control without statistical significance (Figure 2, left panel) . However, we could not observe change of body weight in these groups, indicating that any alterations in food intake in male rats are regarded as incidental due to variations in measured values. In contrast, no food consumption changes were observed in female group (Figure 2, right panel) . In addition, changes in relative organ weights were also evaluated as shown in Table 2 . No significant difference between control and OJS extract-treated groups was detected in terms of the relative weights of 15 different organs in both male and female animals. Furthermore, major clinical signs such as salivation and loss of fur were not observed in both male and female rats treated with OJS extract (data not shown).
Hematology, serum biochemistry and urinalysis in SD rats treated with OJS extract for 4 weeks
In male group, there was no significant hematological change in OJS extract-treated group compared with vehicle control. In contrast, WBC number was decreased in a dosage-dependent manner and PT was slightly increased in female rats treated with OJS extract compared with control ( Table 3 ), suggesting that decrease in WBC number is specific for female group. The change is possibly correlated with a weak reduction of absolute and relative spleen weight in female rats although there was no statistical significance from vehicle control ( Table 2) .
In serum analysis, we observed OJS administration altered levels of several biochemical factors such as Table 2 Relative organ weights rats treated with OJS for 4 weeks creatinine, total protein, total cholesterol, phospholipid and chloride in male, (Table 4) . OJS also decreased triglyceride level in female rats, suggesting the possible potential drug candidate for the metabolic diseases such as obesity, diabetes, hyperlipidemia, and cardiovascular diseases. However, these changes did not have dosagedependent correlation and may result from the individual difference within normal range [13, 14] . Thus, they were not considered to be OJS-mediated abnormalities.
In urinalysis values, there were no significant changes found in rats of either sex among any of the OJS-treated groups for urine volume, glucose, bilirubin, ketone body, specific gravity, occult blood, pH, urobilinogen, and color when compared with the vehicle-only control in this study ( Table 5) .
Cytotoxicity of OJS extract
We further tested the cytotoxicity of OJS against 23 different cell lines. Viability of the cells was evaluated by MTT assay. Cells were treated with various concentrations (0, 10, 20, 50, 100, or 200 μg/ml) of OJS extract for 24 h. As shown in Table 5 , OJS had no significant effect (Table 6 ). Data are consistent with the results of 4 week-repeated toxicity test in animal model. 
